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MECHANISMS FOR AVOIDING PROBLEMS 
ASSOCIATED WITH NETWORK ADDRESS 

PROTOCOL TRANSLATION 

BACKGROUND OF THE INVENTION 

The present invention relates to methods and apparatus 
for processing data Within a computer netWork. More spe 
ci?cally, this invention relates to mechanisms for perform 
ing netWork address translation on data. 

For a particular computer to communicate With other 
computers or Web servers Within a netWork (e.g., the Inter 
net), the particular computer must have a unique IP address. 
IP protocol version 4 speci?es 32 bits for the IP address, 
Which theoretically gives about 4,294,967,296 unique IP 
addresses. HoWever, there are actually only betWeen 3.2 and 
3.3 billion available IP addresses since the addresses are 
separated into classes and set aside for multicasting, testing 
and other special uses. With the explosion of the Internet, the 
number of IP address is not enough to give each computer 
a unique IP address. 
One solution for addressing computers With the limited 

number of IP addresses is referred to as netWork address 
translation (NAT NAT alloWs an intermediary device (e.g., 
computer, router or sWitch) located betWeen the Internet 
netWork and a local netWork to serve as an agent for a group 
of local computers. A small range of IP addresses or a single 
IP address is assigned to represent the group of local 
computers. Each computer Within the local group is also 
given a local IP address that is only used Within that local 
group. HoWever, the group’s local IP addresses may dupli 
cate of IP address that are used outside of the local network. 
When a local computer attempts to communicate With a 
computer outside the local netWork, the intermediary device 
matches the local computer’s local IP address (and port) to 
one of the intermediary device’s assigned IP addresses (and 
ports). The intermediary device than replaces the local 
computer’s local address (and port) With the matched 
assigned IP address (and port). This matched assigned IP 
address (and port) is then used to communicate betWeen the 
local computer and the outside computer. Thus, NAT tech 
niques alloW IP address to be duplicated across local net 
Works. 

Another solution to the lack of available IP addresses is to 
redesign the address format to alloW for more possible IP 
addresses. The recent introduction of IPv6 provides 128 bits 
for the IP address, as compared With IPv4 Which provides 32 
bits for the IP address. HoWever, until all netWork devices 
and computers are converted to IPv6, it is still necessary to 
alloW an existing IPv4 device to communicate With an IPv6 
device. One popular method that alloWs IPv4 to IPv6 
communication is referred to as protocol translation (NAT 
PT). The IP addresses are converted by NAT-PT from one 
protocol to another protocol (e. g., IPv4 to IPv6 or vice versa) 
or from an external protocol to an internal protocol (e.g., 
IPv4 to IPv4). These address are typically Within the pack 
et’s IP header. Additionally, there are applications above the 
IP layer (e.g., the transport TCP layer) that may contain IP 
address information. This information may include, for 
example, an FTP address or an HTTP address. In addition to 
the IP addresses, the NAT-PT also converts any relevant 
IPv4 or IPv6 information during a protocol translation. 
When converting from IPv4 to IPv6, a conventional 

NAT-PT conversion increases the siZe of a packet since the 
IP address (and possibly other upper layer IP address infor 
mation) is changed to a larger siZed address. Additionally, 
since the IP address may form part of the payload of a packet 
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(e.g., upper layer IP information), the packet’s payload may 
increase after the conversion from IPv4 to IPv6. If the packet 
siZe is increased, the packet may then have to be dropped or 
fragmented to meet netWork packet siZe requirements. Thus, 
a server may receive tWo packet fragments: one packet With 
most of the information and one packet With just a feW bytes 
that result from the larger address added in the NAT process. 

Unfortunately, fragments require more processing than 
Whole packets. When small fragments are formed and sent 
by a router Within a computer netWork, the router TCP 
softWare allocates buffer space, forms a fragment header, 
and computes a checksum for each fragment. Additionally, 
router IP softWare encapsulates the fragment in a datagram, 
computes a header checksum, and routes the datagram to the 
receiver softWare. The server IP softWare veri?es the IP 
header checksum, and passes the fragment to TCP softWare 
Which then veri?es the fragment checksum, examines the 
sequence number, extracts the data, and places it Within a 
buffer. Additionally, fragmentation introduces delays in 
communication and increases packet congestion Within the 
netWork. 

Accordingly, there is a need for mechanisms for avoiding 
problems With packets, such as fragmentation, caused by 
being converted betWeen IPv6 and IPv4, as Well as betWeen 
other types of protocols. 

SUMMARY OF THE INVENTION 

Accordingly, the present invention provides methods and 
apparatus for avoiding problems caused by converting 
betWeen tWo different protocols, such as IPv4 and IPv6. 
These problems may include, but are not limited to, frag 
mentation of packets, dropping of packets, and retransmis 
sion of packets. Avoiding these problems Will reduce the 
incidence of transmission delays, bandWidth degradation, 
and additional processing in the packet’s transmission path 
due to such problems. In general terms, the present invention 
provides mechanisms for modifying a protocol parameter, 
such as a TCP or UDP parameter, to avoid problems asso 
ciated With protocol translation, such as fragmentation. In 
one implementation, the protocol parameter limits the siZe 
of a particular portion of the a packet transmitted by a 
sending computer node or device. For example, a packet siZe 
indicator is communicated to the sending computer node so 
that the sending computer node sends packets limited by the 
packet siZe indicator to thereby avoid problems associated 
With the siZe of such packets. 

In speci?c TCP embodiments, the siZe indicator speci?es 
a WindoW siZe and/or a maximum segment siZe. For 
example, if packets transmitted by a sending node to a 
receiving node are converted from IPv4 to IPv6 and the 
WindoW siZe indicated to the sending node (e.g., by the 
receiving node) is 512 bytes, the WindoW siZe is adjusted to 
500 bytes before reaching the sending node. The adjustment 
amount may be based on an estimated siZe increase resulting 
from converting a packet from IPv4 to IPv6. In this example, 
the WindoW siZe is decreased by 12 bytes since a conversion 
from IPv4 to IPv6 Where one 4 byte IPv4 address is changed 
to a 16 byte Ipv6 address has an associated siZe difference 
of 12 bytes. Conversely, if a packet is converted from IPv6 
to IPv4, the WindoW siZe indicated to the sending node may 
be increased by 12 bytes. HoWever, if there is no IPv6 to 
IPv4 address conversion and the packet is the maximum 
siZe, the packet could get fragmented or dropped. Thus, the 
WindoW siZe should only be increased When a conversion is 
certain to occur. In a speci?c embodiment, actual changes in 
packet siZe may be tracked and the adjusted siZe indicator 
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may be dynamically adjusted based on such tracked 
changes. In other embodiments, the changes in packet siZe 
are predicted, and the adjusted siZe is preemptively changed 
as needed. 

In one embodiment, a method for avoiding problems 
associated With protocol translation is disclosed. Informa 
tion related to converting data from a ?rst protocol to a 
second protocol is ?rst determined. Aprotocol parameter of 
a ?rst data is modi?ed based on the determined information 
to thereby avoid problems associated With a second data sent 
after the ?rst data. Problems may result from converting the 
second data from the ?rst to the second protocol. In a 
preferred implementation, the ?rst protocol is IPv4 and the 
second protocol is IPv6, and the protocol parameter indi 
cates a limit to a siZe of the second data and the problems 
associated With the protocol translation are based on the siZe 
of the second data. In more speci?c implementations, the 
protocol parameter is either a WindoW siZe or a maXimum 
segment siZe. In one aspect, the maXimum segment siZe is 
advertised by a sending device of the ?rst data and the 
advertised maXimum segment siZe is modi?ed before it 
reaches its ?nal destination. 

In another embodiment, the protocol parameter is 
decreased based on the determined information and the 
determined information is an estimated siZe increase of the 
second data resulting from converting the second data from 
the ?rst to the second protocol. In a speci?c aspect, deter 
mining the information is accomplished by tracking siZe 
changes of data converted from the ?rst to the second 
protocol and by estimating a siZes change in data resulting 
from tunneling from the ?rst to the second protocol. In a 
further aspect, the ?rst data is converted from the ?rst to the 
second protocol and the second data from the second to the 
?rst protocol. 

In another embodiment, the invention pertains to a com 
puter system operable to avoid avoiding problems associated 
With protocol translation. The computer system includes one 
or more processors and one or more memory. At least one of 

the memory and processors are adapted to provide at least 
some of the above described method operations. In yet a 
further embodiment, the invention pertains to a computer 
program product for avoiding problems associated With 
protocol translation. The computer program product has at 
least one computer readable medium and computer program 
instructions stored Within at least one of the computer 
readable product con?gured to perform at least some of the 
above described method operations. In yet another embodi 
ment, the invention pertains to an apparatus that includes 
one or more means for performing the above described 
method operations. 

These and other features and advantages of the present 
invention Will be presented in more detail in the folloWing 
speci?cation of the invention and the accompanying ?gures 
Which illustrate by Way of eXample the principles of the 
invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagrammatic representation of a computer 
netWork in Which the present invention may be imple 
mented. 

FIG. 2 is a communication diagram illustrating modi? 
cation of the TCP/IP WindoW siZe to avoid fragmentation or 
other problems caused by IPv4 to IPv6 NAT-PT conversion 
in accordance With one embodiment of the present inven 
tion. 
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4 
FIG. 3 is a communication diagram illustrating modi? 

cation of the TCP/IP maXimum segment siZe to avoid 
fragmentation caused by IPv4 to IPv6 NAT-PT conversion in 
accordance With an alternative embodiment of the present 
invention. 

FIG. 4 illustrates a netWork in Which techniques for 
avoiding fragmentation caused by tunneling betWeen IPv4 
and IPv6 occurs may be implemented in accordance With 
another embodiment of the present invention. 

FIG. 5 is a diagrammatic representation of a router in 
Which embodiments of the present invention may be imple 
mented. 

DETAILED DESCRIPTION OF SPECIFIC 
EMBODIMENTS 

Reference Will noW be made in detail to a speci?c 
embodiment of the invention. An eXample of this embodi 
ment is illustrated in the accompanying draWings. While the 
invention Will be described in conjunction With this speci?c 
embodiment, it Will be understood that it is not intended to 
limit the invention to one embodiment. On the contrary, it is 
intended to cover alternatives, modi?cations, and equiva 
lents as may be included Within the spirit and scope of the 
invention as de?ned by the appended claims. In the folloW 
ing description, numerous speci?c details are set forth in 
order to provide a thorough understanding of the present 
invention. The present invention may be practiced Without 
some or all of these speci?c details. In other instances, Well 
knoWn process operations have not been described in detail 
in order not to unnecessarily obscure the present invention. 

In general terms, the present invention provides mecha 
nisms for avoiding problems caused by converting from a 
?rst protocol to a second protocol. One problem that may be 
addressed is fragmentation. Avoiding fragmentation results 
in a signi?cant decrease in communication delays and a 
decrease in the number packets on the netWork. Other 
problems that may be avoided include dropping packets that 
are too large and requesting retransmission of all or part of 
dropped packets. In one embodiment, a protocol parameter, 
such as the TCP WindoW siZe or maXimum segment siZe 
(MSS) is modi?ed to avoid fragmentation of data sent after 
modi?cation of such protocol parameter. Modi?cation of the 
protocol parameter may be based on any suitable informa 
tion related to the protocol conversion process that may 
result in fragmentation. For example, modi?cation may be 
based on an estimated or average change in data siZe 
resulting from such conversion. Additionally, modi?cations 
of the protocol parameter may be dynamically based on 
tracking of the actual siZe changes. Additionally or alterna 
tively, modi?cation may be based on an estimated change in 
data siZe (e.g., from adding a neW header) due to tunneling 
betWeen the ?rst and second protocols. 

FIG. 1 is a diagrammatic representation of a computer 
netWork 100 in Which the present invention may be imple 
mented. According to this speci?c implementation, a plu 
rality of client machines 102 Which are resident on a local 
area netWork (LAN) 104 communicate via router/NAT 
device 106, Wide area netWork 108, e.g., the Inter 
net, and router 110 With a server 112. Of course, some or all 
of the clients 102 may communicate With the router/NAT 
device 106 through various other con?gurations, rather than 
through a LAN. For eXample, a client may be coupled 
directly to the router/NAT device 106 or there may be one 
or more intermediate routers betWeen a client 102 and the 
router/NAT device 106. Additionally, although particular 
nodes are referred to as “clients” and other nodes are 
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referred to as “servers”, each node may function as a server 
(by responding to a data request) or a client (by making a 
data request). 

Generally speaking, When a client platform (e.g., 102a) 
communicates With some remote server (e.g., 112), Whether 
via the Internet or an intranet, it crafts a data packet Which 
de?nes a TCP connection betWeen the tWo hosts, i.e., the 
client platform and the destination server. More speci?cally, 
the data packet has headers Which include the destination IP 
address, the destination port, the source IP address, the 
source port, and the protocol type. The destination IP 
address might be the address of a Well knoWn World Wide 
Web search engine such as, for example, Yahoo, in 
Which case, the protocol Would be TCP and the destination 
port Would be port 80, a Well knoWn port for http and the 
WWW. The source IP address Would, of course, be the IP 
address for the client platform and the source port Would be 
one of the TCP ports selected by the client. These ?ve pieces 
of information de?ne the TCP connection. Of course, any 
other suitable communication protocol may be utiliZed, 
besides or in addition to TCP. Although the data transmis 
sion is described in terms of the TCP and IP protocols, this 
is not meant to limit the scope of the invention to this 
speci?c protocol. 
As shoWn in FIG. 1, clients 102 and LAN 104 implement 

IPv4 and WAN 108, router 110, and server 112 implement 
IPv6. In addition to routing capabilities, the router/NAT 
device 106 also includes mechanisms for converting from 
IPv4 to IPv6 and vice versa. In one embodiment, the NAT 
device 106 implements NAT-PT a standard IPv4 to IPv6 
conversion technique. NAT-PT is described in NETWORK 
ADDRESS TRANSLATION—PROTOCOL TRANSLA 
TION (NAT-PT), Request for Comments No. 2766, IETF, 
February 2000, Which document is incorporated herein by 
reference in its entirety for all purposes. That is, router/NAT 
device 106 converts IPv4 data sent by clients 102 to server 
112 to IPv6, and converts IPv6 data from server 112 to 
clients 102 to IPv4. Of course, the NAT mechanisms may be 
included Within a stand alone device, rather than integrated 
With routing mechanisms. Additionally, the NAT mecha 
nisms may be integrated Within any suitable form of netWork 
device, such as a client, server, sWitch or bridge. 
As described above, When data is converted from IPv4 to 

IPv6, the data siZe increases since the IPv6 addresses have 
a larger siZe than the IPv4 addresses. The resulting IPv6 
header has a larger siZe than the IPv4 header. Additionally, 
When IPv4 information is contained Within the payload, the 
payload siZe may also increase after conversion. The present 
invention provides mechanisms for modifying certain pro 
tocol parameters so that fragmentation due to such conver 
sion is avoided. These mechanisms are preferably integrated 
Within the router/NAT device 106 since these mechanisms 
may be based on the NAT results. HoWever, these inventive 
mechanisms may also be implemented Within a sending 
device (e.g., client 102) or a receiving device (eg server 
112) if such device Were made aWare of the protocol 
conversion. 
Any suitable protocol parameters may be modi?ed to 

avoid fragmentation caused by converting data from one 
protocol to another. For example, a sending device may 
modify its maximum IP packet siZe based on anticipated 
increases in IP header siZe resulting from conversion of its 
data from IPv4 to IPv6. In other implementations, relevant 
transport layer parameters may be modi?ed to compensate 
for increases in transport packet siZe. A relevant transport 
layer parameter is de?ned as a parameter that may be 
modi?ed to avoid problems associated With a protocol 
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6 
translation. Examples of relevant transport parameters 
include the TCP/IP WindoW siZe and TCP/IP maximum 
segment siZe (M55) or corollary UDP parameters. 

FIG. 2 is a communication diagram 200 illustrating modi 
?cation of the TCP/IP WindoW siZe to avoid fragmentation 
caused by IPv4 to IPv6 NAT-PT conversion in accordance 
With one embodiment of the present invention. Of course, 
such a mechanism may also be applied to a server sending 
data to a client. In the communication betWeen any of the 
pairs of nodes, numbers are assigned to each byte of data 
sent across. In FIG. 2 as Well as other communication 

diagrams that folloW FIG. 2, the ?rst and last sequence 
number of the bytes in the packet are indicated. For example, 
data[1:50] indicates that this packet contains bytes 1 through 
50. Of course, the data may grouped into other siZes, such 
as octets. 

As shoWn, client 202 sends data[1:50] through NAT 
device 204 to server 206. In this case, the NAT device 
merely converts the IP header from IPv4 to IPv6 (not 
shoWn), but does not modify information in the payload. 
Hence, the siZe of data[1:50] remains 50 bytes in length. The 
IP and TCP headers are not shoWn in FIG. 2, as Well as the 
proceeding Figures, for clarity purposes. The converted 
data[1:50] is received by Server 206, Which stores the 
received 50 bytes in buffer 208. In this example, buffer 208 
has a siZe of 200 bytes. Thus, 150 bytes of buffer space are 
still available. The server 206 then responds to received 
data[1:50] by sending an acknowledgement byte “ACK 
[51]” indicating a WindoW siZe of 150 bytes. The WindoW 
siZe corresponds to the amount of data that the server is 
Willing or able to receive from client 202. 

The ACK[51] is received by NAT device 204. The NAT 
device modi?es the WindoW siZe of the received ACK[51] to 
avoid fragmentation. The NAT device 204 then passes the 
ACK[51] With a modi?ed WindoW siZe to client 202. The 
WindoW siZe may be modi?ed to any amount that is found 
to avoid fragmentation. In the illustrated example, the Win 
doW siZe is reduced by 10 bytes. Ten bytes is based on an 
example siZe increase due to protocol conversion. A more 
typical WindoW siZe reduction is the difference (12 bytes) 
betWeen the 4 byte IPv4 header and the 16 byte IPv6 header. 
The reduction amount may be based on experimentation. 
That is, different WindoW siZe reductions may be imple 
mented and it may then be determined Which of these 
reductions do not result in fragmentation. The smallest 
reduction that does not result in fragmentation is preferably 
used. Alternatively, actual siZe increases caused by the 
protocol conversion may be tracked to determine an average 
siZe increase or Worse case siZe increase, for example, Which 
siZe increase value is used as the WindoW siZe reduction 
value. In another implementation, the actual siZe increase 
resulting from conversion of a single set of IPv4 information 
in the payload is used as the reduction value. In other 
implementations, any number of conversions of IPv4 infor 
mation Within the payload may be combined and used as the 
reduction value. 

After the client 202 receives the ACK[51] packet from the 
server 206, the client sends data[52z191], Which meets the 
indicated WindoW siZe of 140 bytes, through NAT device 
204, to server 206. The NAT device merely changes the IP 
header, but not the 140 bytes of data. The server 206 stores 
this 140 bytes Within buffer 208. Before this 140 bytes Was 
stored, 30 bytes of the previous stored 50 bytes Was pro 
cessed. Hence, only 20 bytes remain from the previous 
buffer Write. After the 140 bytes are Written into buffer 208, 
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the buffer 208 contains 160 bytes of data. Accordingly, 40 
bytes of storage space remain, and the server 206 advertises 
a WindoW siZe of 40 bytes. 

The NAT device 204 changes the advertised WindoW siZe 
of 40 bytes to 30 bytes and passes this adjusted WindoW siZe 
to client 202. The client 202 then sends data[1931222) 
having a siZe of 30 bytes. This data has a siZe that corre 
sponds to the last indicated WindoW siZe. Data[193:222] 
contains IPv4 information Within the payload. In this 
example, When the NAT device performs a protocol con 
version, the siZe of the payload is increased by 10 bytes. Of 
course, the payload may be increased to any suitable siZe 
depending on the number and types of IPv4 information 
contained and converted Within the payload. The NAT 
device 204 then sends modi?ed data[193z232] to server 206. 
Note that the modi?ed data noW has a data siZe of 40 bytes, 
Which is not larger than the available buffer space of 40 
bytes. The server 206 Writes this 40 bytes of data into buffer 
208. Since the buffer 208 is noW full, the server advertises 
a WindoW siZe of Zero Within ACK[233] to client 202 via 
NAT device 204. In other embodiments, the server 206 may 
specify a WindoW siZe of 1 byte to alloW the client to perform 
a polling operation later to determine Whether the server’s 
buffer has available space. The NAT device 204 simply 
translates the IP header Within ACT[233] from IPv6 to IPv4 
and changes the byte number to 223, Which corresponds to 
the next byte after the last byte received by the client. 

FIG. 3 is a communication diagram 300 illustrating modi 
?cation of the TCP/IP maximum segment siZe (MSS) to 
avoid fragmentation caused by IPv4 to IPv6 NAT-PT con 
version in accordance With an alternative embodiment of the 
present invention. As shown, the network formed by client 
302 and NAT device 304 has a maximum transmission unit 
(MTU) of 250 bytes and implements IPv4. In contrast, the 
netWork formed betWeen NAT device 304 and server 306 
has a MTU of 210 bytes and implements IPv6. The NAT 
device translates all packets from the client from IPv4 to 
IPv6 format and all packets from the server from IPv6 to 
IPv4 format. At least the IP headers are translated to thereby 
result in a larger IP header. A translation may also result in 
a change in payload siZe if the payload contains IPv4 or IPv6 
information. In the illustrated examples, a payload of a 
particular packet is only translated Where indicated. Other 
Wise, merely the IP header is translated. 
A particular node (e.g., client 302) may obtain its maxi 

mum segment siZe (MSS) in any suitable manner. For 
example, the client 302 may obtain its MSS through an 
MTU discover algorithm, currently available in Solaris 2.x 
from Sun Microsystems, Inc of Palo Alto, Calif. In general, 
discovery is accomplished by sending packets having a 
particular MSS, Where the “don’t fragment” bit is set to 
prevent fragmentation. Increasing MSS values are used until 
a packet cannot be transmitted. That is, the packet is too 
large to meet an MTU requirement and cannot be frag 
mented because the “don’t fragment” bit is set. The highest 
value MSS that does not result in a transmission error is then 
used as the client’s MSS. 

Another technique for obtaining an MSS is accomplished 
by simply receiving an advertised MSS from another node. 
For example, the client 302 receives an MSS value from 
server 306. The present invention is preferably implemented 
in the context of this later MSS technique. Referring back to 
FIG. 3, client 302 initiates a connection by sending a “SYN” 
packet advertising an MSS equal to its outgoing interface 
MTU of 250. Since the NAT device 304 has an output 
interface With an MTU of 210, it preferably changes the 
MSS advertised by the client to 210 and passes the modi?ed 
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8 
SYN packet to server 306. The server 306 responds by 
sending a “SYNACK” packet having an advertised MSS 
equal to its oWn outgoing interface MTU of 210. HoWever, 
When the NAT device 304 receives this “SYNACK” packet, 
it reduces the MSS to 200 to account for any increase in siZe 
of a packet going from the client to the server caused by a 
conversion from IPv4 to IPv6. Preferably, the amount is 
chosen to reduce the likelihood of fragmentation due to a 
translation from IPv4 to IPv6. In this example, the MSS 
advertised by the server to the client is reduced by 10 bytes. 
The client 302 then sends data[1:200] equal in siZe to the 

MSS (Which in this case does not include the IP or TCP 
headers) modi?ed and advertised by the NAT device 304. In 
the folloWing illustrated examples, for simplicity the siZe of 
the IP and TCP headers are ignored by the sending device 
When calculating its oWn MSS based on an advertised MSS. 
HoWever, the IP and TCP header siZes are typically sub 
tracted from the advertised MSS to determine the sending 
devices oWn MSS. The NAT device 304 translates the IP 
header of data[1:200] to IPv6 and sends the data and 
translated header to server 306. The client next sends 

data[201z400] that has a siZe (i.e., 200) equal to or less than 
the MSS advertised by the NAT device 304. Since data[201: 
400] has IPv4 information Within the payload, the NAT 
device 304 translates a portion of payload to IPv6, as Well 
as the IP header. This translation results in a larger siZed 
data[201z410] having a siZe (e.g., 210) that is equal to or less 
than the MSS advertised by the server 306. 

Thus, converted data[201z410] still meets the MTU 
requirements betWeen the NAT device 304 and server 306 so 
that the data[201z410] does not have to be fragmented. If the 
MSS advertised by the server 306 had not been reduced by 
the NAT device, the client may have sent too large a data 
packet. For instance, the client may have sent data[201z410] 
equal to the MSS of 210 advertised by the server. After this 
data is converted to IPv6, it Would then have a siZe (i.e., 220) 
that failed to meet the MTU requirements betWeen the NAT 
device 304 and the server 306. As a result of this discrep 
ancy, the converted packet Would have been fragmented. 

Returning to FIG. 3, client then sends data[401z600] 
through NAT device 304 to server 306. The NAT device 
simply converts the IP header from IPv4 to IPv6, renumbers 
the data to data[411z610] and sends it to server 306. Server 
306 then sends an ACK[611] packet. NAT device 304 
translates the ACK[611] to IPv4 and to byte number 601. 
Thus, NAT device 304 sends ACK[601] to client 302. The 
communication continues (not shoWn) until a “FIN” is sent 
by the client to the server 306 or the connection times out, 
reset or abnormally terminated. 
The above illustrated examples of FIGS. 2 and 3 include 

mechanisms for modifying a protocol parameter (e.g., the 
WindoW or maximum segment siZe) each time a protocol 
parameter is advertised to a sending device Whose data is to 
be converted from a ?rst to a second protocol that results in 
a data siZe increase. HoWever, a protocol parameter may be 
modi?ed based on predictive information. In one implemen 
tation, it may ?rst be determined Whether an initialiZed 
connection is an FTP type connection, Which has an 
increased ?rst data packet siZe. In this example, it is deter 
mined Whether the IP header of the SYN packet contains a 
type of service value that indicates an FTP connection. In 
this case, a WindoW siZe communicated from the receiving 
device to the sending device in response to the sending 
device’s SYN packet is reduced by the estimated increase in 
siZe of the ?rst data packet that Will be sent by the sending 
device. After the ?rst data packet is sent, subsequent adver 
tised WindoW siZe’s may be left unaltered or not reduced as 
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much since it is assumed that there will be no more increases 
to the siZe of a packet payload. Alternatively, a protocol 
parameter may be modi?ed as needed. For instance, when a 
protocol conversion results in an increase in data siZe, a 
reduced protocol parameter may be advertised to the sending 
node. The reduction is preferably equal to the increase in 
data siZe. 

The NAT device 304 may also be con?gured to account 
for tunneling. FIG. 4 illustrates a network 400 in which 
techniques for avoiding fragmentation caused by tunneling 
between IPv4 and IPv6 may be implemented in accordance 
with another embodiment of the present invention. As 
shown, router 406 and 408 perform tunneling between IPv4 
and IPv6. An MTU of 512 and IPv4 is implemented between 
client 402 and router 404; an MTU of 1024 and IPv4 is 
implemented between router 404 and router 406; an MTU of 
256 and IPv6 is implemented between router 406 and router 
408; and an MTU of 512 and IPv4 is implemented between 
router 408 and server 410. 

Tunneling between router 406 and router 408 results in an 
IPv6 header and new checksum being added to packets 
going between these routers. Accordingly, router 406 or 408 
may be con?gured to modify an MSS that is communicated 
to client 402 or server 404 so that fragmentation caused by 
tunneling is avoided. Additionally, an advertised MSS may 
be greater than an MTU of a particular router. Thus, a router 
may also be con?gured to reduce an advertised MSS to its 
own MTU value so that packets are not fragmented by such 
router. This later technique may also be applied without 
tunneling as described above with respect to FIG. 3. 
As shown, client 402 sends a SYN packet with an 

advertised MSS of 512 which corresponds to the client’s 
outbound interface has an MTU of 512. Router 404 receives 
the SYN packet and MSS of 512 and merely passes this data 
without modi?cation to router 406 since the protocol 
remains the same and the MTU between router 404 and the 
next router 406 is greater than the advertised MSS from 
client 402. However, when router 406 receives the SYN 
packet, it performs tunneling on the packet since the network 
between router 406 and the next router 408 is IPv6 and the 
packet format is IPv4. That is, router 406 adds an IPv6 
header and a new checksum to the SYN packet. Addition 
ally, since router 406 is aware that tunneling is going to be 
performed on packets arriving from the next router 408, 
router 406 modi?es the advertised MSS to account for 
tunneling performed on packets travelling between routers 
406 and 408. The advertised MSS is also modi?ed to meet 
the MTU requirement of 256 between routers 406 and 408. 
In the illustrated example, the advertised MSS 512 is 
reduced to 240 (512-256 MTU—16 for tunneling). Router 
408 passes the modi?ed SYN with advertised MSS of 240 
to server 410. Alternatively, router 408 may be con?gured to 
modify the advertised MSS. However, preferably only one 
of the two routers 406 and 408 modi?es the advertised MSS 
for packets going in a particular direction. 

Likewise, when the server 410 sends a SYNACK packet 
with an advertised MSS of 512 (equal to its own outbound 
interface MTU), the router 408 modi?es the advertised MSS 
to account for tunneling as well as the router’s smaller 
associated MTU of 256. In this example, the advertised MSS 
from the server is reduced to 240. Alternatively, router 406 
may be con?gured to modify the advertised MSS. However, 
preferably only one of the two routers 406 and 408 modi?es 
the advertised MSS for packets going in a particular direc 
tion. 

Thus, data moving between client 402 and server 410 may 
not have to be fragmented when the data is tunneled and the 
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10 
data goes through networks having relatively small MTU’s 
as compared to the sending device’s outbound MTU. As 
shown, client 402 sends data[1:240] to server 410 via routers 
404, 406 and 408. The data is siZed to meet the advertised 
MSS of 240. Router 406 performs tunneling on the data[1: 
240] and adds an IPv6 header and a new checksum. Since 
the data meets the advertised MSS and the MSS has been 
reduced to meet the network MTU’s between the client and 
the server and to account for tunneling, the data[1:240], IPv6 
header, and checksum meet the network MTU’s between the 
client and the server and fragmentation is not required. 
Likewise, the server may transmit data[1:240] without frag 
mentation to client 402. 

Generally, the techniques for avoiding problems caused 
by NAT protocol conversion of the present invention may be 
implemented on software and/or hardware. For example, it 
can be implemented in an operating system kernel, in a 
separate user process, in a library package bound into 
network applications, on a specially constructed machine, or 
on a network interface card. In a speci?c embodiment of this 
invention, the technique of the present invention is imple 
mented in software such as an operating system or in an 
application running on an operating system. 
A software or software/hardware hybrid packet process 

ing system of this invention is preferably implemented on a 
general-purpose programmable machine selectively acti 
vated or recon?gured by a computer program stored in 
memory. Such programmable machine may be a network 
device designed to handle network traf?c. Such network 
devices typically have multiple network interfaces including 
frame relay and ISDN interfaces, for example. Speci?c 
examples of such network devices include routers and 
switches. For example, the packet processing systems of this 
invention may be specially con?gured routers such as spe 
cially con?gured router models 1600, 2500, 2600, 3600, 
4500, 4700, 7200, 7500, and 12000 available from Cisco 
Systems, Inc. of San Jose, Calif. A general architecture for 
some of these machines will appear from the description 
given below. In an alternative embodiment, the packet 
processing system (e.g., NAT device) may be implemented 
on a general-purpose network host machine such as a 
personal computer or workstation. Further, the invention 
may be at least partially implemented on a card (e.g., an 
interface card) for a network device or a general-purpose 
computing device. 

Referring now to FIG. 5, a router 10 suitable for imple 
menting the present invention includes a master central 
processing unit (CPU) 62, interfaces 68, and a bus 15 (e.g., 
a PCI bus). When acting under the control of appropriate 
software or ?rmware, the CPU 62 is responsible for such 
router tasks as routing table computations and network 
management. It may also be responsible for performing 
protocol conversions between a ?rst and second protocol 
(e.g., IPv4 and IPv6), modifying an advertised window siZe 
or MSS, etc. It preferably accomplishes all these functions 
under the control of software including an operating system 
(e.g., the Internetwork Operating System (IOS®) of Cisco 
Systems, Inc.) and any appropriate applications software. 
CPU 62 may include one or more processors 63 such as a 

processor from the Motorola family of microprocessors or 
the MIPS family of microprocessors. In an alternative 
embodiment, processor 63 is specially designed hardware 
for controlling the operations of router 10. In a speci?c 
embodiment, a memory 61 (such as non-volatile RAM 
and/or ROM) also forms part of CPU 62. However, there are 
many different ways in which memory could be coupled to 
the system. Memory block 61 may be used for a variety of 
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purposes such as, for example, caching and/or storing data, 
programming instructions, etc. 

The interfaces 68 are typically provided as interface cards 
(sometimes referred to as “line cards”). Generally, they 
control the sending and receiving of data packets or data 
segments over the netWork and sometimes support other 
peripherals used With the router 10. Among the interfaces 
that may be provided are Ethernet interfaces, frame relay 
interfaces, cable interfaces, DSL interfaces, token ring inter 
faces, and the like. In addition, various very high-speed 
interfaces may be provided such as fast Ethernet interfaces, 
Gigabit Ethernet interfaces, ATM interfaces, HSSI inter 
faces, POS interfaces, FDDI interfaces and the like. Gener 
ally, these interfaces may include ports appropriate for 
communication With the appropriate media. In some cases, 
they may also include an independent processor and, in 
some instances, volatile RAM. The independent processors 
may control such communications intensive tasks as packet 
sWitching, media control and management. By providing 
separate processors for the communications intensive tasks, 
these interfaces alloW the master microprocessor 62 to 
ef?ciently perform routing computations, netWork diagnos 
tics, security functions, etc. 

Although the system shoWn in FIG. 5 is one speci?c 
router of the present invention, it is by no means the only 
router architecture on Which the present invention can be 
implemented. For example, an architecture having a single 
processor that handles communications as Well as routing 
computations, etc. is often used. Further, other types of 
interfaces and media could also be used With the router. 

Regardless of netWork device’s con?guration, it may 
employ one or more memories or memory modules (such as, 
for example, memory block 65) con?gured to store data, 
program instructions for the general-purpose netWork opera 
tions and/or the inventive techniques described herein. The 
program instructions may control the operation of an oper 
ating system and/or one or more applications, for example. 
The memory or memories may also be con?gured to store 
received packets, identi?ers to track each How and the 
number of such ?oWs, etc. 

Because such information and program instructions may 
be employed to implement the systems/methods described 
herein, the present invention relates to machine readable 
media that include program instructions, state information, 
etc. for performing various operations described herein. 
Examples of machine-readable media include, but are not 
limited to, magnetic media such as hard disks, ?oppy disks, 
and magnetic tape; optical media such as CD-ROM disks 
and DVDs; magneto-optical media such as ?optical disks; 
and hardWare devices that are specially con?gured to store 
and perform program instructions, such as read-only 
memory devices (ROM) and random access memory 
(RAM). The invention may also be embodied in a carrier 
Wave travelling over an appropriate medium such as air 
Waves, optical lines, electric lines, etc. Examples of program 
instructions include both machine code, such as produced by 
a compiler, and ?les containing higher level code that may 
be executed by the computer using an interpreter. 

Although the foregoing invention has been described in 
some detail for purposes of clarity of understanding, it Will 
be apparent that certain changes and modi?cations may be 
practiced Within the scope of the appended claims. For 
example, the techniques of the present invention may be 
applied to other conversions besides IPv4 to IPv6 conver 
sions, such as IPv4 to IPv4 and IPv6 to IPv6 conversion or 
tunneling. Therefore, the described embodiments should be 
taken as illustrative and not restrictive, and the invention 
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12 
should not be limited to the details given herein but should 
be de?ned by the folloWing claims and their full scope of 
equivalents. 
What is claimed is: 
1. A method for avoiding problems associated With pro 

tocol translation comprising: 
determining information related to converting data from a 

?rst protocol to a second protocol; and 
modifying a protocol parameter of a ?rst data based on the 

determined information to thereby avoid problems 
associated With a second data sent after the ?rst data, 
Wherein problems related to change in a siZe of the 
second data may result from converting the second data 
from the ?rst to the second protocol, 

Wherein the protocol parameter is decreased based on the 
determined information and the determined informa 
tion includes an estimated siZe increase of the second 
data resulting from converting the second data the ?rst 
to the second protocol. 

2. A method as recited in claim 1, Wherein the avoided 
problems are selected from a group consisting of fragmen 
tation of data, dropping of data, and retransmission of data. 

3. A method as recited in claim 1, Wherein the ?rst 
protocol is IPv4 and the second protocol is IPv6. 

4. A method as recited in claim 1, Wherein the protocol 
parameter is related to a buffer siZe. 

5. A method as recited in claim 4, Wherein the protocol 
parameter is a WindoW siZe. 

6. A method as recited in claim 1, Wherein the protocol 
parameter is related to a maximum data alloWed in trans 
mission. 

7. A method as recited in claim 6, Wherein the protocol 
parameter is a maximum segment siZe. 

8. A method as recited in claim 7, Wherein the maximum 
segment siZe is advertised by a sending device of the ?rst 
data and the advertised maximum segment siZe is modi?ed 
before it reaches its ?nal destination. 

9. A method as recited in claim 7, Wherein modifying the 
maximum segment siZe is accomplished by performing a 
discovery algorithm to determine a netWork maximum trans 
mission unit. 

10. A method as recited in claim 1, Wherein determining 
the information is accomplished by tracking siZe changes of 
data converted from the ?rst to the second protocol. 

11. Amethod as recited in claim 10, Wherein determining 
the information is further accomplished by estimating a siZes 
change in data resulting from tunneling from the ?rst to the 
second protocol. 

12. A method as recited in claim 1, further comprising 
converting the ?rst data from the ?rst to the second protocol 
and the second data from the second to the ?rst protocol. 

13. A method as recited in claim 1, Wherein converting 
data from a ?rst protocol to a second protocol is accom 
plished by performing netWork address protocol translation 
(NAT-PT). 

14. A method as recited in claim 1, Wherein converting 
data from a ?rst protocol to a second protocol is accom 
plished by tunneling. 

15. A computer system operable to avoid one or more 
problems associated With protocol translation, the router 
comprising: 

one or more processors; 

one or more memory, Wherein at least one of the proces 

sors and memory are adapted to: 
determine information related to converting data from a 

?rst protocol to a second protocol; and 
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modify a protocol parameter of a ?rst data based on the 
determined information to thereby avoid one or more 
problems associated With a second data sent after the 
?rst data, Wherein the problem(s) are related to a 
change in a siZe of the second data that may result from 
converting the second data from the ?rst to the second 
protocol, 

Wherein the protocol parameter is decreased based on the 
determined information and the determined informa 
tion includes an estimated siZe increase of the second 
data resulting from converting the second data from the 
?rst to the second protocol. 

16. A computer system as recited in claim 15, Wherein the 
avoided problems are selected from a group consisting of 
fragmentation of data, dropping of data, and retransmission 
of data. 

17. A computer system as recited in claim 15, Wherein the 
?rst protocol is IPv4 and the second protocol is IPv6. 

18. A computer system as recited in claim 15, Wherein the 
protocol parameter is related to a buffer siZe. 

19. A computer system as recited in claim 18, Wherein the 
protocol parameter is a WindoW siZe. 

20. A computer system as recited in claim 15, Wherein the 
protocol parameter is related to a maXimum data alloWed in 
transmission. 

21. A computer system as recited in claim 20, Wherein the 
protocol parameter is a maXimum segment siZe. 

22. A computer system as recited in claim 21, Wherein the 
maXimum segment siZe is advertised by a sending device of 
the ?rst data and the advertised maXim segment siZe is 
modi?ed before it reaches its ?nal destination. 

23. A computer system as recited in claim 15, Wherein 
determining the information is accomplished by tracking 
siZe changes of data converted from the ?rst to the second 
protocol. 

24. A computer system as recited in claim 15, Wherein 
converting data from a ?rst protocol to a second protocol is 
accomplished by performing netWork address protocol 
translation (NAT-PT). 

25. A computer system as recited in claim 15, Wherein 
converting data from a ?rst protocol to a second protocol is 
accomplished by tunneling. 

26. Acomputer program product for avoiding one or more 
problems associated With protocol translation, the computer 
program product comprising: 

at least one computer readable medium; 
computer program instructions stored Within the at least 

one computer readable product con?gured to cause a 
combining device to: 

determine information related to converting data from a 
?rst protocol to a second protocol; and 
modify a protocol parameter of a ?rst data based on the 

determined information to thereby avoid one or more 
problems associated With a second data sent after the 
?rst data, Wherein the problem(s) are related to a 
change in a siZe of the second data that may result 
from converting the second data from the ?rst to the 
second protocol, 

Wherein the protocol parameter is decreased based on 
the determined information and the determined 
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information includes an estimated siZe increase of 
the second data resulting from converting the second 
data from the ?rst to the second protocol. 

27. A computer program product as recited in claim 26, 
Wherein the avoided problems are selected from a group 
consisting of fragmentation of data, dropping of data, and 
retransmission of data. 

28. A computer program product as recited in claim 26, 
Wherein the ?rst protocol is IPv4 and the second protocol is 
IPv6. 

29. A computer program product as recited in claim 26 
Wherein the protocol parameter is related to a buffer siZe. 

30. A computer program product as recited in claim 29, 
Wherein the protocol parameter is a WindoW siZe. 

31. A computer program product as recited in claim 26, 
Wherein the protocol parameter is related to a maXimum data 
alloWed in transmission. 

32. Acomputer system as recited in claim 31 Wherein the 
protocol parameter is a maXimum segment siZe. 

33. A computer program product as recited in claim 32, 
Wherein the maXimum segment siZe is advertised by a 
sending device of the ?rst data and the advertised maXimum 
segment siZe is modi?ed before it reaches its ?nal destina 
tion. 

34. A computer program product as recited in claim 26 
Wherein determining the information is accomplished by 
track siZe changes of data converted from the ?rst to the 
second protocol. 

35. A computer program product as recited in claim 26, 
Wherein converting data from a ?rst protocol to a second 
protocol is accomplished by performing netWork address 
protocol translation (NAT-PT). 

36. An apparatus for avoiding one or more problems 
associated With protocol translation, the apparatus compris 
ing: 
means for determining information related to converting 

data from a ?rst protocol to a second protocol; and 

means for modifying a protocol parameter of a ?rst data 
based on the determined information to thereby 
avoid one or more problems of a second data sent 
after the ?rst data, Wherein the problem(s) are related 
to a change in a siZe of the second data that may 
result from converting the second data from the ?rst 
to the second protocol, 

Wherein the protocol parameter is decreased based on the 
determined information and the determined informa 
tion includes an estimated siZe increase of the second 
data resulting from converting the second data from the 
?rst to the second protocol. 

37. An apparatus as recited in claim 36, Wherein the 
avoided problems are selected from a group consisting of 
fragmentation of data, dropping of data, and retransmission 
of data. 

38. An apparatus as recited in claim 36, Wherein the ?rst 
protocol is IPv4 and the second protocol is IPv6. 
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